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ABSTRACT 


i 


In  this  report  two  methods  suitable  for  measuring  electrical 
ground  constants  in  Thailand  are  described.  The  ground  conductivity 
was  measured  at  the  broadcast  frequencies  of  820  kHz  and  1455  kHz  using 
the  fleld-attenuati.on  method.  The  ground  dielectric  constant  was 
measured  by  the  wave-tilt  method  at  the  high  frequency  of  27  MHz.  De¬ 
tails  are  given  for  constructing  the  necessary  equipment,  and  procedures 
for  the  collection  and  analysis  of  the  data  are  outlined.  The  ground 
conductivity  and  ground  dielectric  constants  in  central,  eastern,  and 
northeastern  Thailand  were  measured.  The  report  also  contains  recom¬ 
mendations  for  Improvements  in  equipment  and  measurement  procedures. 
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I  INTRODUCTION 


The  electrical  properties  of  the  ground  have  been  measured  from 
time  to  time  in  various  parts  of  the  world  to  establish  the  value  of  the 
ground  conductivity  and  ground  dielectric  constant.  This  has  been  done 
because  knowledge  of  the  ground  constant  is  very  important  in  radio 
communications ,  physics,  and  electrical  engineering.  For  radio  communi¬ 
cations,  the  electrical  properties  of  the  ground  encer  directly  into  the 
design  of  antenna  systems  for  both  transmitting  and  receiving  stations, 
even  in  the  case  of  a  station  employing  an  antenna  array  with  no  direct 
connection  with  the  earth's  surf:.ce.  In  the  broadcast  band,  the  ground 
conductivity  is  the  dominating  factor  in  determining  the  effective 
service  area  in  which  the  communication  is  provided  by  the  ground  wave. 

In  general,  the  ground  conductivity  affects  the  ground  wave  of 
radio  propagation,  and  therefore  dominates  lower-frequency  propagation. 
The  dielectric  constant  becomes  more  important  for  short-wave  or  higher 
frequencies.  For  short  wave,  when  the  propagation  takes  place  via  the 
ionosphere,  only  the  ground  in  the  vicinity  of  the  transmitting  and 
receiving  antennas  in  of  importance.  The  ground  near  the  transmitter 
influences  upward  radiation  and  that  near  the  receiver  affects  the  down¬ 
coming  wave. 

In  Thailand,  knowledge  of  electrical  ground  constants  and  tech¬ 
niques  for  their  measurement  scarcely  exists.  It  is  the  intention  of 
this  report  to  provide  suitable  procedures  for  (1)  measuring  electrical 
ground  constants  for  Thailand,  (2)  carrying  out  some  measurements  to 
verify  and  improve  the  methods  and  equipment,  and  (3)  establishing  the 
ground-constant  data  for  central  and  northeastern  Thailand  for  the  dry 
and  rainy  seasons. 

The  method  selected  for  estimating  ground  conductivity  is  that  of 
comparing  measured  field-intensity  attenuation  vs.  distance,  with  calcu¬ 
lated  values,  for  various  ground  conductivities.  Two  frequencies  *n 
the  broadcast  band  were  chosen  for  this  purpose. 
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After  a  literature  search,  it  was  decided  that  the  wave-tilt 
method  would  be  suitable  for  measuring  the  dielectric  constant.  The 
method  is  based  upon  measurement  of  the  tilt  angle  of  the  vertically 
polarized  ground  wave.  This  tilt  angle  depends  on  the  frequency,  con¬ 
ductivity,  and  dielectric  constant  of  the  ground.  The  method  meets 
the  requirement  for  portability;  the  source  for  radiating  the  signal 
is  already  available  in  the  laboratory  or  can  be  easily  and  inexpensively 
purchased.  The  5-watt  citizen's  band  transceiver  was  used  as  the 
radiating  source,  with  a  frequency  around  27  MHz.  The  dielectric 
constant  of  the  ground  at  this  frequency  may  be  used,  with  caution, 

to  represent  tne  value  of  the  dielectric  constant  of  the  same  ground 

* 

at  lower  freq-’encies  (see  Ref.  1,  where  it  is  showr  that  the  dielec  ric 
constant  of  soil  at  frequencies  of  1  MHz  to  100  MHz  does  not  change 
appreciably  if  soil  moisture  content  is  low  enough).  When  soil  moisture 
content  becomes  appreciable,  the  conductivity  will  dominate  for  ground- 
wave  propagation  in  the  broadcast  band,  and  detailed  knowledge  of  the 
dielectric  constant  becomes  relatively  unimportant. 

The  equipment  for  measuring  dielectric  constant  was  constructed, 
and  measurements  were  carried  out  in  the  Bangkok  area.  It  was  found 
that  the  value  of  relative  ground  dielectric  constant  is  around  20  to 
30,  which  is  reasonable  for  clay  soil.  The  measurements  were  then 
carried  out  in  other  areas  in  the  northeastern  part  of  Thailand.  The 
accuracy  of  the  results  has  been  increased  by  an  improved  method  of 
analyzing  the  data  (see  Sec.  IV-B).  This  new  technique  consists  of 
incorporating  the  value  of  the  ground  conductivity  measured  by  the 
field  attenuation  method  into  the  analysis  oi  the  dielectric  Cv'nstznt 
data. 

The  ground  conductivity  was  measured  by  the  field-attenuation 
measurement  method,  which  is  very  widely  used.  The  major  limitation 
in  using  this  method  in  Thailand  is  that  there  are  very  few  roads;  and 
therefore  the  electrical  ground  conductivity  can  only  be  evaluated  in 
a  limited  area.  In  the  field-attenuation  measurement  method,  when  used 

* 

References  are  listed  at  the  end  of  the  report, 
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elsewhere,  the  field  strength  of  the  carrier  frequency  of  the  existing 
broadcast  station  is  measured  as  a  function  of  distance  from  a  trans¬ 
mitting  station.  In  the  case  of  Thailand,  however,  existing  stations 
cannot  be  used  because  the  transmitted  power  of  tne  broadcast  stations 
fluctuates  considerably,  thus  producing  unreliable  data.  It  is  therefore 
necessary  to  have  a  portable  transmitting  station  and  to  move  it  from 
place  to  place.  The  principle  of  this  method  is  based  upon  a  comparison 
between  the  computed  field-intensity  curve  for  different  values  of  ground 
constants  and  the  measured  field-intensity  data  taken  at  various  dis¬ 
tances  from  the  transmitter.  Correlation  of  normalized  measured  data 
with  values  computed  from  a  mathematical  model  tnen  gave  values  fcr 
g round  constants,  as  presented  in  Sec.  IV-A.  However,  in  many  cases 
there  was  no  correlation  between  computed  and  measured  field  intensity. 
Because  the  data  were  collected  in  tne  mountainous  or  undulating-type 
terrain,  the  measured  field  intensity  did  not  decay  smoothly  as  distance 
between  transmitter  and  receiver  was  increased.  Therefore  the  ground 

conductivity  cannot  be  evaluated  by  this  method.  In  such  cases,  values 

* 

estimated  from  the  soil  map  are  given  instead. 


* 
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II  ELECTRICAL  GROUND  CONSTANTS  OF  THE  EARTH  SURFACE 

A.  GENERAL 

Electrical  ground  constants  are  the  effective  electrical  properties 
of  the  earth,  which  may  be  expressed  by  three  constants — i.e.,  the  rela¬ 
tive  permeability  (ii),  the  dielectric  constant  (e),  and  the  conductivity 

(a) .  The  xelative  permeability  is  normally  regarded  as  unity  in  most 

* 

cases  concerning  radio  propagation  work;  therefore  the  only  important 
factors  are  the  dielectric  constant  and  the  ground  conductivity. 

The  ground  conductivity  and  the  dielectric  constant  of  the  earth 
surface  Vary  from  place  to  place  depending  upon  the  soil  and  many  other 
factors.  Typical  values  of  thi  ground  constants  at  MF  (broadcast  band) 
for  various  types  of  soils  are  given  in  Table  I-  The  high  value  of  the 
ground  conductivity  is  normally  associated  with  wet  loam,  while  the 
poor  conductivity  and  low  dielectric  constant  are  associated  with  dry, 
rocky,  and  sandy  soil.  It  is  found  that  the  high  value  of  the  ground 
conductivity  tends  to  relate  with  a  large  dielectric  constant,  and  vice 
versa.  The  value  of  the  ground  conductivity  can  be  expressed  in  CGS 
electromagnetic  units.  CGS  electrostatic  units,  or  MRS  units  (mho/m): 

10-11  EMU  =  9  X  109  ESU  *  1  ml.o/m 

Dielectric  constant  is  usually  given  in  farads  per  meter,  but  in 
most  radio  propagation  work  the  relative  value  of  the  dielectric  con¬ 
stant  is  preferred — i.e.,  the  ratio  between  the  dielectric  constant  of 
the  ground  and  the  dielectric  constant  of  free  space. 


The  magnetic  permeability  is  the  free-space  value  unless  ferromagnetic 
material  is  present.  Thu?,  the  assumption  that  p  =  1  may  break  down 
where  there  are  iron  deposits,  and  possibly  for  some  lateritic  soils. 
For  radio  purposes,  however,  the  p  =  1  assumption  is  quite  a  good  one. 
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Table  I 


ELECTRICAL  CHARACTERISTICS  OF  VARIOUS  TYPES  OF  SOIL2 


Type  of  Terrain 

Relative 

Dielectric 

Constant 

Conductivity 

(mraho/m) 

Fresh  water 

80 

1 

Sea  water,  minimum  attenuation 

81 

4640 

Pastoral,  low  hills,  rich  soil  typical  of 
Dallas,  Texas,  Lincoln,  Nebraska,  areas 

20 

30 

Pastoral,  low  hills,  rich  soil  typical  of 
Ohio  and  Illinois 

14 

10 

Flat  country,  marshy,  densely  wooded, 
typical  of  Louisiana  near  Mississippi 

River 

12 

7.5 

Pastoral,  medium  hills  and  forestation, 
typical  of  Maryland,  Pennsylvania,  New 

York,  exclusive  of  mountainous  territory 
and  seacoasts 

13 

6 

Pastoral,  medium  hills  and  forestation, 
heavy  clay  soil,  typical  of  central 

Virginia 

13 

4 

Rocky  soil,  steep  hills,  typical  of 

New  England 

14 

2 

Sandy,  dry,  flat,  typical  of  coastal 
country 

10 

2 

City,  industrial  areas,  average 
attenuation 

5 

1 

Civy,  industrial  areas,  maximum 
attenuation 

3 

0.5 

In  radio  communication  the  electrical  ground  constant  determines 
the  effective  ground-wave  coverage  for  transmitters  operating  in  the 
broadcast  band  and  the  lower  pare  of  the  HF  spectrum.  In  the  case  of 
good  ground,  as  when  the  value  of  the  ground  conductivity  is  greater 
than  10  mmho/m,  the  ground  conductivity  becomes  more  significant  than 
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the  dielectric  constant  for  ground-wave  propagation.  In  such  cases  the 
variation  of  the  dielectric  constant  between  10  and  60  hardly  affects 
the  field  strength  of  the  propagated  wave  at  all  (Figs.  1  and  2). 

The  ground  in  many  parts  of  Thailand  is  good  for  agriculture  and 
may  be  classed  as  "good  soil,"  so  (one  might  think)  the  value  of  the 
ground  conductivity  would  rarely  fall  below  10  mmho/m.  In  such  cases 
the  value  of  the  dielectric  constant  will  not  contribute  any  signifi¬ 
cant  effects  to  the  ground-wave  propagation  in  the  low  HF  spectrum  and 
even  less  in  broadcast,  frequencies.  Therefore  it  should,  not  be  neces¬ 
sary  to  collect  the  dielectric  constant  data  in  those  places.  However, 
at  places  where  the  ground  has  poor  conductivity  the  dielectric  constant 
becomes  an  important  factor,  especially  in  the  HF  spectrum  (when  propa¬ 
gation  depends  on  skywaves),  and  the  dielectric  constant  at  the  antenna 
site  will  require  evaluation. 

B.  FACTORS  DETERMINING  THE  EFFECTIVE  GROUND  CONSTANTS 

The  effective  value  of  the  electrical  ground  constants  for  use  in 
radio  propagation  is  determined  by  the  factors  discussed  below. 

1 .  Nature  of  the  Soil 

The  ground  constants  vary  with  the  nature  of  the  soil — mainly 
its  ability  to  absorb  and  retain  moisture.3  In  general  it  is  shown 
that  the  clay  soils  have  a  high  conductivity  (i.e.,  above  10  mmho/m) 
accompanied  by  a  high  dielectric  constant,  and  the  loam  and  chalk  soils 
have  an  average  value  of  about  10  mmho/m  for  conductivity  and  20  for 
dielectric  constant,  while  soil  of  a  sandy  or  gritty  nature  gives  much 
lower  values  of  both  conductivity  and  dielectric  constant.  The  lowest 
values  (of  the  order  of  0.01  mmho/m)  were  obtained  for  the  solid 
granite  formations  with  slate  subsoils. 

2 .  Moisture  Content 

The  moisture  content  of  the  ground  seems  to  be  the  most  im¬ 
portant  factor  determining  its  electrical  constants.  J.  Zenneck4 
studied  the  variation  of  conductivity  with  moisture  content  and  found 
that  for  garden  soil  the  value  rose  from  0.05  to  15  mmho/m  as  the 
moisture  content  was  increased  from  3  to  17  percent. 
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ELECTRIC  FIELD  INTENSITY - mV/m 
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FIG.  1  COMPARISON  BETWEEN  CALCULATED  GROUND-WAVE  FIELD 

INTENSITIES  FOR  E  =  10  AND  €  =  60  AND  VARIOUS  VALUES 
OF  GROUND  CONDUCTIVITY  —  820  kHz 


ELECTRIC 
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FIG.  2  COMPARISON  BETWEEN  CALCULATED  GROUND-WAVE  FIELD 

INTENSITIES  FOR  €  =  10  AND  €  =  60  AND  VARIOUS  VALUES 
OF  GROUND  CONDUCTIVITY  —  1455  kHz 
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3.  Temperature 


It  has  been  found  that  the  normal  temperature  change  of  the 
ground  causes  very  little  effect  on  the  value  of  the  ground  constant. 
Except  when  temperature  changes  abnormally  (i.e.,  under  laboratory 
control),  the  mean  temperature  coefficient  of  conductivity  of  different 
types  of  soil  lies  within  the  range  of  2  to  2.5  percent  per  degree 
centigrade,  while  that  of  the  dielectric  constant  is  negligible;  at  the 
freezing  point  there  is  a  large,  rapid  change  in  both  constants.  In 
Thailand  the  temperature  differences  are  very  small  throughout  the  year; 
therefore,  it  is  not  likely  that  thes  ;  differences  will  affect  the  value 
of  tne  ground  constants. 

4.  •  Frequency 

Th._  variation  of  the  electrical  properties  with  frequency  was 
found  to  depend  upon  the  moisture  content,  as  described  below.1 

As  the  moisture  content  is  increased,  the  variation  of  con¬ 
ductivity  with  frequency  reduces  considerably,  although  it  is  still 
perceptible  for  moist  soil  at  the  higher  frequencies.  The  dielectric 
constant  behaves  in  a  different  manner.  At  low  moisture  contents  there 
is  practically  no  variation  of  its  value  with  frequency,  while  at  a 
normal  moisture  content  of  about  26  percent  the  dielectric  constant  de¬ 
creases  from  about  90  at  100  kHz  per  second  to  25  at  10  MHz  per  second. 

Such  apparently  abnormal  values  of  the  dielectric  constant 
have  been  previously  experienced  in  the  study  of  solid  dielectrics, 
more  particularly  with  electrolytes,  and  the  effects  have  been  inter¬ 
preted  as  being  caused  by  the  formation  of  a  polarization  film  of  mo¬ 
lecular  thickness  over  the  surface  of  the  electrodes. 

The  frequency  of  the  radio  wave  affects  the  determination  of 
the  ground-constant  value  in  two  ways: 

(1)  At  low  frequencies  the  radio  wave  penetrates 
deeper  into  the  ground  than  at  high  fre¬ 
quencies,  and  the  constants  are  determined 
from  the  average  value  of  the  different  types 
of  soil  beneath  the  ground. 
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(2)  At  low  frequencies,  the  ground  behave?  more 
like  a  conductor,  whereas  it  is  more  like  a 
dielejtric  at  high  frequencies. 

5 .  Surface  Objects  and  Foliage 

Surface  objects  and  foliage  have  no  direct  influence  on  the 
constants  of  the  ground  itself,  but  they  cause  altenuation  (and  scat¬ 
tering)  in  the  ground  wave  and  can  cause  appreciable  error  in  determining 
the  value  of  the  ground  constant  by  both  field  attenuation  and  wave-tilt 
methods . 

C.  APPLICATION  OF  THE  GROUND  CONSTANTS  TO  GROUND-WAVE  PROPAGATION 

In  broadcast  band  and  at  the  low  end  of  the  HF  band,  the  elec¬ 
trical  ground  constants  directly  affect  the  ground-wave  propagation. 

To  determine  the  required  radiated  power  for  a  given  coverage  area, 
the  ground  conductivity  is  the  prime  factor  used  in  the  calculation. 

The  ground  dielectric  constant  is  also  used,  but  does  not  contribute 
any  significant  effect,  as  mentioned  in  S^c.  II-A.  At  the  fringe  of 

the  coverage  area,  the  field  strengths  required  to  provide  satisfactory 

* 

reception  are  given  in  Table  II.  The  required  field  strength  is  esti¬ 
mated  from  the  interference  level  and  absorption  of  the  big  buildings 
or  surroundings. 

In  a  city  like  Bangkok,  the  noise  power  increases  considerably, 
and  like  capital  cities  elsewhere  it  is  crowded  with  big  buildings. 

To  provide  a  satisfactory  signal,  the  required  field  strength  is  much 
greater  than  in  the  rural  area  where  man-made  noise  is  negligible. 

From  the  desired  coverage  area  and  the  required  field  strength 
at  the  fringe  area  as  given  in  Table  II,  the  transmitted  power  may  be 
calculated  from  the  following  equation:2 


* 

These  values  of  required  field  strength  were  estimated  by  the  author 
from  field  measurements  made  in  Thailand  using  a  field-strength  meter 
and  a  communications  receiver.  Field-strength  values  supplied  by  the 
7CC  were  used  as  guidelines. 
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Table  II 


FIELD  STRENGTHS  REQUIRED  FOR  GROUND- WAVE  COVERAGE 


Cov«.  'age  Area 

Required 
Field  Strength 
(mV/m) 

City  with  tall  buildings  or  built-up  area 
as  in  Bangkok 

10-50 

Dense  residential  area  close  to  city,  as 
in  a  suburb  of  Bangkok  or  large  up-country 
town 

2-10 

Jtr.all  up-country  town 

0.5-2 

Rural  area,  rice  paddy  field  or 
agriculture  area 

0. 1-0.5 

E 

r 


mV/m 

d 


(1) 


where 

E  =  Required  field  strength  at  fringe  area  in  millivolts 
per  meter 

2Eo  =  Free-space  field  produced  at  a  distance  of  1  mile  from 
transmitting  antenna 

A  =  Attenuation  factor  due  to  effect  of  the  ground  at  a 
given  frequency 

d  =  Distance  in  miles  from  transmitting  antenna  to  fringe 
area. 

The  value  of  is  selected  from  the  Table  II.  The  coverage  are''  de 
r 

termines  the  distance  d,1  The  attenuation  factor  A  is  obtained  frr.r. 
the  curve  snown  in  Fig.  3  where  p,  "the  numerical  distance,"  is  computed 
from  the  following  equations: 


^  n  d 

p  —  -  —  cos  h 
XX 


(2) 


b  —  tan 


-1  (e  +  1) 


(3) 
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where 


x 


18  x  g 
f 


f  =  Frequency  In  MHz 
a  =  Ground  conductivity  in  mmho/ro 
e  =  Relative  dielectric  constant 
X  =  Wavelength  in  miles 
b  =  Phase  constant  in  degrees. 

Then  the  field  at  one  mile  from  transmitter  is 

__  Er  X  d  „ ,  , . 

2Eo  =  — — -  mV/m  .  (4) 


The  radiated  power 
by3 


P 

a 


inkKilowatts  for  short  vertical  antenna  is  given 


P 

a 


186.4 


kilowatts 


(5) 


Supposing  one  wants  to  know  the  radiating  power  required  for  a  trans¬ 
mitting  station  located  in  suburb  area  of  Bangkok;  the  broadcast  fre¬ 
quency  is  820  kHz  and  the  desired  coverage  area  includes  Ayutthaya,  50 
miles  north  of  Bangkok.  The  ground  conductivity  is  approximately  40 
mmho/m  (see  Table  III,  p.  44),  and  the  dielectric  constant  is  approxi¬ 
mately  16  (see  Table  IV,  p.  50).  Ayutthaya  is  an  up-country  town  of 
reasonable  size,  so  the  required  field  strength  will  be  between  2  and 
10  mV/m  (see  Table  II).  The  suburbs  of  Ayutthaya  are  mostly  rice  paddy 
fields,  and  the  population  is  spread  out.  Then  to  be  on  the  safe  side, 
a  required  field  strength  of  about  5  mV/m  will  be  sufficient. 

Using  Eqs.  (2)  and  (3)  and  Fig.  3,  the  attenuation  factor  A  can  be 
obtained  as  follows: 

CT  =  40  mmho/m 

f  =  0.82  MHz 
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=  0.22866  miles 


d  =  50  miles 


18  X  40 
0,82 


879. 


From  Eq.  (3), 


b  —  tan 


-1  16+1 
659 


fcs  2 


cos  b  =  0.9998 


From  Eq. 


(?), 


P 


TT  50 

879  0.22866 


X  0.9998 


0.778 


A  —  0.72.  which  corresponds  to  "p"  equal  to  0. 778  from 
Fig.  3. 


Then  from  Eq.  (4), 

5  X  50 

2E°  =  "■  72-  mV/m  =  347  mV/m 

and  from  Eq.  (5), 

o 

347 

P  =  — — — r  kilowatts  =  3.46  kilowatts 

a  . 4 

This  gives  a  required  radiated  power  from  the  Bangkok  transmitter 
site  of  approximately  3.5  to  4  kilowatts.  In  the  suburban  area  close 
to  Bangkok--! .e. ,  the  residential  area  of  BangKok  within  a  radius  of 
10  miles— the  field  strength  is  about  25  mV/m,  which  is  more  than  satis¬ 
factory  for  good  reception.  This  can  also  be  computed  from  the  above 
equation,  where  2Eo  is  equal  to  347  mV/m. 

If  the  value  of  the  ground  conductivity  for  the  example  case  above 
decreases  to  20  mmho/m,  the  required  radiated  power  will  increase  to 
8.5  kilowatts.  This  shows  that  it  is  important  to  know  the  minimum 
limit  of  the  ground  conductivity  in  the  coverage  area.  The  change  in 
the  minimum  limit  of  the  ground  conductivity  can  require  100  percent 
increase  of  the  radiated  power  for  the  sar.e  coverage  area. 


The  above  example  demonstrates  that  knowledge  of  the  electrical 
ground  constants  can  assist  in  designing  the  radio  system  transmitter. 
To  obtain  the  output  power  to  meet  the  required  radiated  power,  factors 
such  as  antenna  efficiency,  loss  in  transmission  line  between  the 
antenna  and  the  transmitter  outlet,  and  matching  network  must  be 
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considered  in  the  calculation.  These  factors  can  easily  be  obtained 
when  the  type  of  transmitting  antenna  and  the  distance  between  the 
transmitter  and  antenna  feed  point  is  known.  The  efficiency  of  e 
transmitting  antenna  can  also  be  increased  if  wire  ground  plane  is 
used  at  the  antenna  site,  since  this  increases  the  value  of  the  ground 
conductivity  in  the  immediate  vicinity  of  the  antenna. 

The  electrical  ground  constants  also  affect  radio  communication  in 
the  HF  band.  The  value  of  the  ground  constants  ?. t  th.'  antenna  site 
will  affect  both  antenna  pattern  and  antenna  impedance.  Therefore  it 
is  important  to  know  the  electrical  ground  constants  at  the  antenna 
site  and  their  variation,  and  to  include  them  in  the  design  of  antenna 
system. 
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Ill  ELECTRICAL-GROUND-CONSTANT  MEASUREMENT 
METH  'D  AND  EQUIPMENT 


A.  CONDUCTIVITY 

The  field-attenuation  method  was  selected  for  measuring  the  ground 
conductivity.  The  method  involves  measuring  the  field  strengtli  of  a 
carrier  wave  as  a  function  of  distance  from  a  transmitting  station,  and 
comparing  the  results  with  a  set  of  computed  field-intensity  curves  for 
different  values  of  ground  constants.  The  normalized  measured  data  are 
correlated  with  the  computed  data,  and  the  best  curve  fit  then  is  the 
estimate  of  the  value  for  ground  conductivity. 

The  electric  field  for  the  measurement  is  normally  provided  by  the 
local  broadcasting  radio  station  transmitting  an  unmodulated  carrier 
frequency  at  a  constant  output  power.  But  unfortunately,  when  the  radio 
stations  in  Bangkok  and  the  provinces  assisted  in  the  measurement  they 
could  not  maintain  constant  output  power.  It  was  then  necessary  to 
have  our  own  transmitters  for  providing  the  electric  field. 

Two  frequencies,  820  kHz  and  1455  kHz,  were  selected  for  the  trans¬ 
mitters,  both  of  them  being  free  from  interference  from  other  radio 
stations  during  the  daytime.  The  interferences  were  carefully  checked 
by  monitoring  these  two  frequencies  and  adjacent  frequencies  in  Bangkok 
and  the  provinces.  After  the  frequencies  were  chosen,  the  Norton  curves 
were  computed  for  these  frequencies  using  an  IBM  1620  computer.  This 
involved  3000  calculations  and  resulted  in  20  pages  of  curves  containing 
200  graphs. 

The  sites  for  the  transmitters  to  cover  central  ar.d  northeastern 
Thailand  were  carefully  selected.  The  roads  were  one  of  the  main 
factors,  since  the  shortage  of  roads  in  Thailand  limited  the  coverage 
area  for  the  measurement.  The  sites  were  selected  where  there  were  at 
least  three  roads  going  in  different  directions,  and  sites  with  more 
than  three  exit  roads  in  different  directions  were  considered  to  be 
very  good. 


\ 
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After  the  transmitter!,  were  built,  they  were  checked  out  and  tested 
with  a  vertical  antenna  for  matching  and  adjustment.  A  100-foot  bamboo 
antenna  tower  was  constructed  but  unfortunately  it  was  blown  down  by  the 
monsoon.  It  was  replaced  by  a  portable  vertical  steel  antenna,  which 
reduced  the  height  considerably  and  also  reduced  antenna  efficiency. 

The  measurements  were  taken  from  seven  transmitter  sites  covering 
central  and  northeastern  Thailand  in  both  dry  and  rainy  seasons. 

1 .  Computing  Field-Intensity  Curves 

The  curves  of  field  strength  versus  distance  were  computed 
from  one  mile  up  to  50  miles,  at  one-mile  intervals  up  to  ten  miles, 
and  at  ten-mile  intervals  up  to  50  miles.  The  values  of  the  ground 
conductivity  are  0.5,  1,  1.5,  2,  3,  4,  5,  6,  7,  8,  9,  10,  15,  20,  30, 

40,  and  5000  mmho/m.  The  values  of  the  dielectric  constants  are  10, 

20,  30,  40,  50,  60. 

The  curves  were  plotted  on  a  log-log  graph  paper  for  field 
strength  in  millivolts  per  meter,  vers  s  distances  in  miles  on  one 
sheet  of  graph  paper  for  all  values  of  ground  Cw^uctivity  at  v.,.e 
value  cf  dielectric  constant  as  shown  in  Figs.  4  and  5. 

The  parameter  p,  "the  numerical  distance,"  and  parameter  b 
were  computed  from  the  following  equations: 


n  d  . 
p  —  —  cos  b 
X  x 


(6) 


b  r=  tan 


-1  (e  -f  1) 


(7) 


The  computer  program  was  written  for  both  equations  and  the 
values  of  p,  d,  b,  s,  and  a  were  tabulated  for  both  frequencies,  820 
kHz  and  1455  kHz. 

The  field  strength  at  distance  d  miles  from  the  transmitting 
antenna  was  computed  from  the  equation 
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RELATIVE  FIELD  INTENSITY  -  mV/m 
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FIG.  4  CALCULATED  GROUND-WAVE  FIELD  INTENSITIES  vs.  DISTANCE, 

FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY  —  820  kHz,  e  =  20 


RELATIVE  FIELD  INTENSITY  -  rrV.'m 


FIG.  5  CALCULATED  GROUND-WAVE  FIELD  INTENSITIES  vs.  DISTANCE, 

FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY  —  1455  kHz,  e  =  20 


2Eo  A 

E^  =  — - —  millivolts  per  meter 


where 

=  Field  intensity  of  ground  wave  at  distance  d  miles, 
in  millivolts  per  meter 

d  =  Distance  in  miles  from  the  antenna 

Eo  =  Free-space  field  at  one  mile  from  the  transmitting 
antenna  in  free  space  with  the  same  antenna  currents 
as  are  actually  present  when  the  antenna  is  instead 
near  the  earth. 

A  =  Attenuation  factor. 

.The  value  of  2Eo  in  millivolts  per  meter  is  equal  to  186.4/p 
at  one  mile,  where  P  is  the  radiated  power  in  kilowatts.  For  the  calcu¬ 
lations,  p  was  chosen  to  yield  100  millivolts  per  meter  for  2Eo.  The 
attenuation  factors  "A"  were  obtained  from  Fig.  3  for  the  corresponding 
values  of  p,  d,  b,  e,  and  ct.  The  complete  set  of  calculated  curves  for 
both  frequencies  is  given  in  Appendix  A. 

2.  Transmitters,  Matching  Network,  and  Antenna 

The  transmitters  were  designed  and  built  in  the  MRDC  Electronic 
Laboratory,  Bangkok,  Thailand.  They  comprise  two  stages,  the  first  is 
an  oscillator  circuit  deriving  its  frequency  from,  a  crystal.  The  out¬ 
put  of  the  oscillator  is  directly  fed  into  the  last  stage  which  is  a 
push-pull  power  amplifier.  The  100-watt  output  was  obtained  from  a 
pair  of  6146  power  tubes.  The  schematic  diagrams  of  both  transmitters 
are  given  in  Figs.  6  and  7. 

The  power  supply  for  the  transmitters  was  also  designed  and 
built  in  the  MRDC  Electronic  Laboratory.  The  schematic  diagrams  of  the 
power  supply  is  given  in  Fig.  8.  It  converts  115V  ac  into  650V  @  300 
mA  dc  for  supplying  current  to  the  output  tubes  and  375V  @  100  mA  dc 
for  the  oscillator  circuit. 

The  820  kHz  and  1455  kHz  were  transmitted  alternately  from 
the  same  antenna.  The  two  transmitters  were  connected  to  the  matching 
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G.  8  POWER-SUPPLY  SCHEMATIC  DIAGRAM 


I 

network  and  antenna  via  an  automatic  coaxial  switch.  The  s, itching  time 
was  controlled  by  a  time-switch  synchronous  motor. 

The  schematic  diagram  for  the  matching  network  for  both  820 
kHz  and  1455  kHz  is  giver  in  Fig.  9.  Figure  10  shows  the  connection  of 
the  equipment  via  a  syncnroncus  motor  time  switch  and  coaxial  switches. 

The  transmitting  antenna  is  a  steel  vertical  antenna  feet 
high  with  a  10-foot  extension  rod  at  the  end.  The  antenna  is  a  tele¬ 
scoping  metal  tower  made  by  Rohn,  easily  erected  and  removed.  To  in¬ 
crease  the  efficiency  of  the  transmitting  antenna  system,  a  12-radial 
ground  screen  was  provided  at  each  transmitting  site. 


3.  Data  Collection 

Prior  to  the  measurements,  a  crew  was  sent  out  to  the  pre¬ 
selected  site  to  put  up  the  antenra.  To  provide  low-resistivity  ground 
in  the  vicinity  of  the  antenna,  12-gauge  copper  vire,  approximately  90 
meters  in  length,  was  buried  radially  from  the  antenna  baso,  one  foot 
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FIG.  13  POWER-SUPPLY  UNIT 


FIG.  14  MATCHING  NETWORK 
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deep  in  the  ground.  After  the  antenna  was  erected,  the  measuring  team 
were  sent  out  to  the  site  with  an  equipment  van  containing  the  two 
transmitters,  power  supplies,  impedance  matching  networks,  coaxial 
switches,  and  test  and  repair  instruments.  The  value  of  the  electrical 
ground  constant  at  each  site  differs  considerably,  and  in  order  to  pro¬ 
tect  the  transmitter  from  overloading  due  to  impedance  mismatch  between 
the  antenna  impedance  and  transmitter  output  impedance,  prior  to  connec¬ 
tion  of  the  antenna  with  the  transmitter  the  antenna  impedance  was 
measured  by  an  impedance  bridge.  When  the  antenna  impedance  was  ob¬ 
tained,  the  values  of  the  capacitor  and  the  inductor  of  the  impedance- 
matching  network  were  calculated,  and  these  components  were  adjusted 
before  the  transmitter  was  connected  and  switched  on.  After  the  connec¬ 
tion  was  made,  the  system  was  tuned  to  give  maximum  output  power  for 
both  transmitters.  A  161-162A  Jones  Micromatch  Reflected  Power  Meter 
was  used  between  the  transmitter  and  matching  unit  in  final  tuning  to 
observe  the  reflected  power  during  the  tuning  process.  Each  transmitter 
was  arranged  to  transmit  alternately  for  two  and  a  half  minutes  at  a 
time.  A  synchronous -motor  time  switch  was  employed  to  apply  the  power 
from  each  transmitter  to  the  antenna,  on  this  schedule.  The  output 
current  was  monitored  by  an  RF  ammeter.  The  value  of  the  currei  was 
recorded  at  half-hour  intervals  during  the  time  the  f ield-strength 
measurements  were  being  carried  out. 

To  permit  calculation  of  the  va .ue  of  free-space  field  2Eo  as 
accurately  as  possible,  the  field  strength  at  400  meters  and  one  mile 
from  the  antenna  was  measured  at  many  points  around  the  antenna  as 
accurately  as  possible.  The  distances  were  measured  with  a  tape.  To 
assist  the  measurement,  stakes  were  driven  into  the  ground  every  100 
meters  in  a  straight  line. 

The  field  strength  was  measured  by  an  RCA  Field  Strength 
Meter  Type  WX-2E  at  the  preselected  points.  The  selection  was  made 
from  a  map.  At  each  preselected  point,  field-strength  measurements 
were  made  for  both  frequencies.  Data  were  taken  during  both  the  dry 
and  rainy  seasons;  however,  more  data  were  collected  during  the  rainy 


season.  The  field-strength  meter  was  placed  on  a  tripod  in  a  clearing 
away  from  trees  and  buildings. 

During  the  field-strength  measurement,  the  antenna  crew  moved 
to  the  new  preselected  site  and  prepared  the  ground,  erecting  the  other 
set  of  antennas.  T.ie  whole  operation  took  about  three  months  for  each 
season.  The  data  were  analyzed  at  the  end  of  each  part  of  the  field- 
measurement  program. 

B.  DIELECTRIC  CONSTANT 

The  wave-tilt  method  was  selected  to  measure  the  dielectric  con¬ 
stant.  It  was  intended  to  employ  the  results  of  the  dielectric  constant 
measured  by  this  method  to  assist  in  the  data  reduction  of  the  ground 
conductivity.  Although  the  effect  of  dielectric  constant  on  computed 
field  attenuation-vs. -distance  curves  is  slight  (especially  for  high 
conductivity  and  low  frequency),  some  increase  in  the  accuracy  of  the 
ground-ccnductivity  measurements  can  be  obtained  by  considering  the 
effect  (see  Sec.  IV-A). 

It  was  also  realized  that  the  ground  dielectric  constant  does  not 
considerably  change  its  value  between  the  frequency  of  1  MHz  and  30 
MHz.1  The  measurement  of  the  dielectric  constant  at  the  frequency  of 
30  MHz  can  then  be  cautiously  used  to  represent  the  value  of  the 
dielectric  constant  at  1  MHz  without  appreciable  error.  This  assump¬ 
tion  is  lihely  to  have  a  high  degree  of  error  only  if  the  value  of  the 
ground  constant  of  the  soil  at  the  surface  of  the  Pn~  *•'  ±y  differs 

from  that  immediately  below  and  down  to  a  depth  of  3  meters  or  when  the 
moisture  content  of  the  soil  is  too  great. 

The  dielectric  constant  does  not  greatly  affect  the  transmission 
loss  of  the  broadcast  frequency  propagation  and  the  low  end  of  the  HF 
band  and  only  affects  the  antenna  efficiency.  Therefore  it  is  more 
important  to  develop  a  convenient  method  to  measure  the  dielectric 
constant  at  higher  frequencies  for  covering  a  small  area.  Using  the 

* 

This  statement  applies  when  the  moisture  content  of  the  soil  is  not 
too  great . 
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wave-tilt  method  at  the  frequencies  between  30  to  100  MHz,  the  measuring 
equipment  can  be  made  very  portable  and  can  be  carried  around  in  a  1/4- 
ton  vehicle. 

The  wave-tilt  method  is  based  on  the  behavior  of  the  propagated 
radio  wave  over  the  imperfectly  conducting  ground.  The  electric  field 
of  the  radio  wave  transmitted  from  a  vertical  antenna  tilts  forward 
slightly  from  the  vertical  axis.  The  angle  0,  at  which  the  electric 
field  tilts,  depends  on  the  frequency,  conductivity,  and  dielectric 
constant  of  the  ground.  At  a  sufficiently  high  frequency  and  low  value 
of  ground  conductivity,  the  tilt  angle  depends  largely  on  the  dielectric 
constant  of  the  ground. 

To  mfeasure  the  tilt  angle,  a  dipole  is  placed  in  the  electric  field 
and  oriented  until  it  receives  minimum  signal — i.e.,  when  it  is  perpen¬ 
dicular  to  the  electric  field.  The  angle  of  the  dipole  can  then  be 
measured.  The  accuracy  of  the  result  depends  on  the  measurement  of  the 
tilt  angle  and  the  requirement  in  measurement  accuracy  increases  as  the 
tilt  angle  becomes  smaller.  In  an  experimental  period,  a  signal 
generator  and  power  amplifiers  were  used  as  a  signal  source,  and  the 
output  from  the  power  amplifier  was  then  fed  into  the  vertical  antenna. 
The  tilt  angle  was  measured  by  a  rotating  dipole  antenna  and  a  receiver. 
It  was  found  that  at  the  low  frequencies,  the  interference  from  broad¬ 
cast  band  and  HF  band  caused  great  difficulty  in  determining  the  tilt 
angle.  (There  are  many  radio  stations  around  the  Bangkok  area  and  the 
majority  of  these  were  overmodulated,  radiating  on  harmonic  frequencies 
and  therefore  it  is  not  practical  in  Thailand  to  use  this  method  for 
measuring  ground  constants  in  the  broadcast  band  and  adjacent  higher 
bands.)1  It  was  also  found  that  the  measured  result  was  affected  by 
the  feed  line  between  the  dipole  and  the  receiver,  causing  inaccuracy 
in  determining  the  tilt  angle.  This  problem  is  solved  by  using  a 
transistorized  receiver  small  enough  to  be  attached  to  the  middle  part 
of  the  dipole  antenna,  thus  omitting  the  feed  line. 

Equipment  for  measuring  the  tilt  angle  of  a  vertically  polarized 
radio  wave  was  built  and  tested  in  the  MRDC  Electronic  Laboratory. 


32 


It  consists  of  a  remote-control  rotating  dipole  antenna  with  built-in 
transistorized  RF  receiver  and  signal -strength  indicator.  The  dipole 
antenna  is  balanced.  A  remote  control  is  necessary  because  of  the 
capacitance  effect  between  the  experimenter  and  the  dipole  an'enna, 
Vertically  polarized  radio  waves  are  launched  by  a  battery-operated 
27-MHz  transmitter  and  portable  vertical  antenna. 

1 .  Basic  Theory 

Over  an  imperfectly  conducting  ground,  the  electric  field  of 
the  ground-wave  propagation,  transmitted  from  a  vertically  polarized 
antenna,  tilts  forward  slightly  from  the  vertical  axis  as  shown  in  Fig. 
16.  This  phenomenon  is  caused  by  the  presence  of  the  small  horizontal 
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FIG.  16  WAVE  TILT  OF  THE  GROUND  WAVE 


component  of  electric  force  in  the  direction  of  propagation  when  the 
ground  is  not  a  perfect  conductor.  Furthermore,  this  horizontal  com¬ 
ponent  is  normally  out  of  phase  with  the  vertical  component;  therefore 
the  resultant  electric  field  vector  is  elliptically  polarized,  having 
its  main  axis  tilting  forward  from  the  vertical  axis  along  the  radial 
from  the  transmitting  antenna.  The  tilt  angle  8,  the  ground  conductivity 
ct,  the  dielectric  constant  e,  and  the  frequency  f  are  related  by  the 
equation  :B 
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where 


e  =  Relative  dielectric  constant 
a  =  Ground  conductivity  in  mmho/m 
f  =  Frequency  in  MHz. 

2 

At  high  frequency  and  low  value  of  ground  conductivity  the  term  (18a)  /f 

2 

becomes  small  when  compared  with  e  ;  then 


This  shows  that  at  high  frequency,  the  value  of  the  relative  dielectric 
constant  is  inversely  proportional  to  the  square  of  the  tangent  of  the 
tilt  angle  (see  also  Sec.  IV-B) .  The  tilt  angle  9  can  be  measured  by 
the  aid  of  a  rotating  dipole  artenna,  rotating  about  the  horizontal 
axis.  The  axis  of  th ;  antenna  is  in  the  direction  of  the  propagated 
wave — i.e.,  one  end  of  the  dipole  is  pointing  toward  the  vertical  trans¬ 
mitting  antenna.  The  measurement  is  made  by  turning  the  dipole  about 
the  horizontal  axis  until  the  signal  strength  is  minimum.  This  occurs 
when  the  dipole  is  tilted  slightly  from  the  horizontal  as  shown  in  Fig. 
16,  with  the  angle  0  corresponding  to  the  tilt  angle  9.  When  the  signal 
received  by  the  dipole  is  at  its  minimum  value,  the  dipole  is  perpendi¬ 
cular  to  the  electric  field  of  the  wave  front. 

2.  Description  of  Equipment 

The  source  for  generating  the  ground,  wave  is  a  commercially 
built  transceiver,  giving  an  output  power  of  approximately  5  watts. 

The  transceiver  microphone  input  was  modified  so  that  when  the  trans¬ 
ceiver  is  switched  on,  the  microphone  terminal  is  short-circuited,  and 
the  set  transmits  only  the  carrier  wave.  The  output  of  the  transmit  er 
is  connected  to  a  1/4-wave  vertical  monopole  antenna.  The  antenna 
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system  is  composed  of  a  12-gauge  copper  wire  cut  to  1/4  of  the  wavelength 
of  the  transmitter  frequency.  One  end  is  fixed  to  the  top  of  a  bamboo 
tripod  via  an  eyelet  insulator.  To  ensure  that  the  antenna  if  vertically 
erected  from  the  ground,  the  other  end  of  the  antenna  wire  is  connected 
to  a  heavy  lead  weight  via  an  in  .ulator.  When  the  antenna  is  erected, 
the  weight  is  connected  to  the  copper  ground  stake.  This  end  of  the 
wire  is  also  the  feed  point,  and  the  output  of  the  transmitter  is  con¬ 
nected  to  the  antenna  by  a  coaxial  transmission  line.  The  central  core 
of  the  feed  line  is  connected  to  the  antenna  wire  and  the  outer  core  to 
the  weight  via  a  coaxial  connector.  A  12-volt,  57-amp-hour  automobile- 
type  storage  battery  is  used  to  power  the  transmitter.  The  detecting 
end  consists  of  a  rotating  dipole  antenna,  a  crystal-tuned,  transistorized 
receiver  (see  Fig.  17),  and  a  microammeter. 


FIG.  17  PHOTOGRAPH  OF  THE  TRANSISTORIZED  RECEIVER 


The  receiver  is  a  superheterodyne  type.  To  minimize  the  fre¬ 
quency  drift  of  the  receiver,  the  local  oscillator  is  controlled  by  a 
crystal  (see  Fig.  18).  Three  intermediate-frequency  amplifiers  follow 
the  mixer  stage,  and  the  last  stage  is  the  detector.  The  microammeter 
is  provided  at  th  emitter  circuit  of  the  detector  for  indicating  the 
received  signal  strength.  Since  only  the  relative  value  of  the  received 
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signal  is  required,  it  is  not  necessary  to  calibrate  the  receiver  out¬ 
put  current.  To  ensure  proper  balancing  of  the  dipole  antenna,  the 
primary  end  of  the  receiver  <-put  transformer  is  balanced  and  grounded 
at  the  center  tap  of  the  primary  wiring.  The  receiver  is  shielded  to 
prevent  the  signal  being  picked  up  by  the  receiver  wiring  without  passing 
through  the  antenna  system.  Each  arm  of  the  dipole  antenna  is  connected 
directly  to  the  receiver,  and  the  microan. ceter  is  provided  outside  the 
receiver  and  mounted  directly  below. 

Two  telescopic-type  automobile  antenras  are  used  to  form  the 
arms  of  the  dipole.  The  length  of  the  antenna  can  be  adjusted  to  suit 
the  signal  strength  but  they  must  be  adjusted  so  that  arm  lengths  are 
equal . 

The  antennas  and  receiver  arc  mounted  on  long  insulator. 

The  receivr  is  at  the  center  of  the  insulator  which  also  serves  as  the 
fulcrum  for  the  rotating  dipole.  Another  piece  of  long  insulator  is 
provided  immediately  below  the  dipole  to  serve  as  a  reference  line.  The 
microammeter  is  mounted  on  it.  The  .otating  dipole,  mounted  on  the  in¬ 
sulator  directly  above  the  reference  insulator,  is  shown  on  Figs.  19  and 
20.  The  reference  insulator  is  always  set  parallel  to  the  ground. 

The  long  insulators  serve  as  a  set  of  instruments  for  measuring 
the  tilt  angle.  The  tilt  angle  is  calculated  from  the  displacement  of 
the  end  of  the  rotating  insulator  and  the  distance  from  the  fulcrum  point 
and  a  fixed  point  on  the  reference  insulator.  AB  is  the  displacement, 
and  BC  is  the  fixed  di.  tance.  The  angle  9  is  equal  to  tan  1  (AB/BC). 

To  enable  «...e  displacement  (AB)  to  be  measured  quickly,  a 
ruler  is  fixed  vertically  from  the  reference  insulator,  one  meter  from 
the  fulcrum  point — i.e.,  BC  =  1  meter  One  end  of  the  ruler  (see  Fig. 

21)  is  at  the  same  level  as  the  fulcrum  point,  projecting  from  the 
reference  insulator.  The  scale  on  the  ruler  is  in  centimeters. 

To  prevent  capacitance  effect  between  the  experimenter  and 
the  antenna,  the  displacement  of  the  antenna  is  remotely  controlled. 

A  string  is  attached  to  the  downward  end  of  the  insulator  and  passed 
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FIG.  20  PHOTOGRAPH  OF  THE  ROTATING  DIPOLE  ANTENNA 


through  the  loop  at  the  end  of  a  stake  close  to  the  ground  directly 
below  the  end  of  the  insulator.  The  movement  is  effected  by  pulling 
the  end  of  the  string  from  a  position  a  few  meters  away  from  the 
antenna.  A  piece  of  rubber  is  attached  to  the  end  of  the  insulator 
and  the  support  to  provide  restoring  torque  for  the  insulator  arm.  The 
value  of  the  current  registered  on  the  microammeter  is  read  through  a 
telescope  mounted  on  a  tripod. 

3 .  Da.,a  Collection 

Measurement  were  made  at  42  sites  covering  the  central  and 
northeastern  parts  of  Thailand.  The  sites  were  selected  so  that  they 
were  in  the  same  propagation  path  as  the  field-attenuation  measurement. 
The  sites  must  be  open  areas,  or  at  least  there  must  be  no  obstacle 
between  the  transmitter  and  the  receiver.  The  ground  between  the  trans¬ 
mitter  and  the  receiver  must  be  level,  since  slight  inclination  of  the 
ground  will  affect  the  tilt  angle.  At  the  selected  site  the  trans¬ 
mitting  antenna  was  erected  by  putting  up  the  bamboo  tripod.  The  legs 
of  the  tripod  were  adjusted  until  the  lead  weight  nearly  touched  the 
ground.  A  copper  ground  stake  was  driven  into  the  ground  directly  be¬ 
low  the  lead  weight  and  connected  to  the  weight  to  provide  the  earth 
point  for  the  antenna  feed  line.  The  transmitter  was  then  connected  to 
the  antenna  via  a  coaxial  lead.  After  the  power  supply  was  connected 
to  the  transmittei,  a  test  transmission  was  made  n.  ensure  that  the 
equipment  was  functioning  properly. 

At  the  receiver  end,  the  rotating  antenna  was  erecued  about 
200  meters  from  the  transmitter.  A  tripod  about  1.2  meters  hign  was 
used  as  a  support  for  the  whole  antenna  system.  When  the  rotating 
antenna  was  mounted  on  the  tripod,  the  legs  of  the  tripod  were  adjusted 
until  the  reference  insulator  was  parallel  to  the  ground.  A  spirit 
level  was  used  for  this  adjustment.  The  antenna  was  then  oriented 
until  both  ends  of  the  arms  were  in  line  with  the  transmitting  antenna. 

A  steel  stake  with  a  loop  at  one  end  was  driven  into  the  ground  directly 
below  the  arm  of  the  antenna  to  provide  a  loop  for  the  remote-control 
string.  A  telescope  was  mounted  on  another  tripod  a  few  meters  froi 
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the  rotating  antenna  directly  opposite  the  microamroeter.  As  the  measure¬ 
ment  sequence  began,  the  receiving  antenna  was  rotated  to  find  the 
approximate  position  of  the  tilt  angle — i.e.,  the  minimum  reading  of  the 
microammeter.  Then  the  values  of  the  current  around  the  minimum  reading 
were  read  together  with  the  corresponding  displacement  of  the  antenna 
arm  in  the  vertical  direction.  To  determine  the  tilt  angle,  the  antenna 
displacements  were  plotted  on  a  graph  paper  together  with  the  corre¬ 
sponding  value  of  the  current;  then  a  smooth  curve  was  drawn  to  obtain 
the  minimum  va'ue  of  the  current  and  the  corresponding  value  of  the  dis¬ 
placement  of  the  antenna  arm.  The  tilt  angle  was  calculated  from  this 
displacement  value.  At  each  site,  measurements  were  made  at  many  points 
around  the  transmitting  antenna  to  find  the  average  value  of  the 
dielectric  constant.  The  type  of  soil  and  terrain,  and  other  observa¬ 
tions  also  were  recorded.  The  complete  measurement  for  each  site  takes 
about  two  hours. 

The  wave  tilt  was  found  to  be  very  sensitive  to  the  water 
content  on  the  surface  of  the  ground.  Therefore  it  is  not  advisable 
to  take  the  measurements  after  the  rain  or  early  in  the  morning  before 
the  dew  has  dried  out,  if  values  representative  of  the  soil  during  the 
day  (or  somewhat  beneath  the  surface  layer)  are  desired. 
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IV  RESULTS 


A.  CONDUCTIVITY 

The  values  of  ground  conductivity  obtained  by  analysis  of  the  data 
are  given  in  Table  III.  The  measurements  were  taken  from  seven  trans¬ 
mitter  sites,  two  sites  in  the  central  part  of  Thailand  and  the  other 
five  in  the  northeastern  and  eastern  parts.  The  measurements  were 
carried  out  first  in  the  rainy  season  for  all  seven  sites;  the  dry 
season  was  measured  later.  In  the  dry  season,  only  three  transmitting 
sites  were  used.  This  is  because  the  results  of  the  first  few  sampling 
measurements  show  that  for  both  seasons  there  was  little  variation  in 
the  results.  In  Table  III,  the  first  column  shows  the  names  of  the 
places  where  the  transmitters  were  located.  The  second  column  shows 
the  direction  from  the  transmitting  site  for  which  the  measurements 
were  taken.  The  third  column  gives  the  observational  bounds  on  the 
ground  conductivity  in  rainy  and  dry  seasons.  The  unit  for  ground 
conductivity  is  mmho/m. 

The  results  shown  in  Table  III  were  obtained  by  comparing  the 
slopes  of  measured-field-intensity-vs .-distance  curves  with  the  slopes 
of  the  curves  computed  using  Norton's  method.6  The  computed  Norton's 
curves  for  various  values  of  ground  conductivity  were  plotted  on  the 
same  graph  paper.  The  dielectric  constant  for  each  set  of  curves  re¬ 
mains  the  same  value  as  shown  in  Fig.  4.  For  each  frequency,  six  sets 
of  computed  curves  were  plotted,  each  set  having  a  different  value  of 
dielectric  constant,  ranging  from  ten  to  sixty.  The  measured  curves 
were  plotted  on  transparent  paper  for  each  direction  for  both  frequencies 
and  both  seasons,  and  then  compared  with  the  set  of  Norton's  curves  com¬ 
puted  for  the  same  frequency.  Thic  was  done  by  placing  the  measured 
curve  on  top  of  one  set  of  Norton's  curves,  normally  starting  off  with 
the  set  with  the  lowest  value  of  dielectric  constant.  The  measured 
curve  is  slid  along  the  vertical  axis  of  the  computed  curve  until  a 
computed  curve  of  approximately  the  same  slope  as  the  measured  curve 
is  found.  Thus  the  measured  curve  will  have  the  same  value  of  ground 
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Table  III 


GROUND  CONDUCTIVITY  OF  CENTRAL,  EASTERN,  AND  NORTHEASTERN  THAILAND 


Station 

Direction 

Ground  Conductivity  | 
(inmho/m) 

Rainy  Season 
s  o  s 

Dry  Season 
*  a  * 

Bang  Pa  In 

Ban  Hin  Kong-Prachinburi 

40-5000 

Saraburi-Lopburi 

40-5000 

Ban  Hin  Kong-Nakhon  Ratchasima 

40-5000 

40-5000 

Minburi-Chachoensao 

40-5000 

40-5000 

Ban  Pong 

Kanchanaburi-Suphan  Buri 

3-15 

Bangkok 

30-5000 

Petchaburi 

15-30 

Nakhon- 

Saraburi 

8-20 

4-15 

Ratchasima 

ChGlyaphum 

10-20 

7-20 

(Ban  Choho) 

Khon  Kaen 

6-30 

6-30 

j 

Ban  Nong  Pling,  Ban  Wang  Mi 

6-15 

Udon 

Sakhon 

3-10 

Nong  Khai 

4-10 

Khon  Kaen 

10-15 

Nong  Bua  Lam  Phui 

3-10 

Sakhon 

Udon 

1.5-4 

Nakhon  Phanom 

2-10 

Tard  Phanom 

3-7 

Kalasin 

Roi  Et 

Suwannaphum-Surin 

4-10 

t 

1 

Chaturapak  Phiman-Kaset  Wisai 

1.5-10 

Maha  Sarakham-Ban  Phal 

4-10 

4-10 

Yasothon-Ubon 

2-10 

2-10 

Yasothon-Phahom  Phrai 

2-6 

2-6 

Ubon 

Phibun  Mangsahan 

1.5-5 

Amnat  Charoen 

2-4 

Y?.sothon-Roi  Et 

1-3 

Det  Udom 

_ 

1.5-3 
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conductivity  as  the  computed  or.e.  However  the  measured  curves  are  not 
always  smooth  and  therefore  will  not  have  a  slope  identical  to  that  of 
the  computed  one.  Thus  two  boundary  values  of  ground  conductivity  are 
given.  This  gives  a  close  estimation  of  the  ground  conductivity  for 
that  particular  measured  curve — e.g.,  between  8  and  20  mmho/m  (see  Fig. 
24).  To  assist  the  comparison  of  the  curves,  a  ground  glass  table, 
illuminated  from  underneath  by  a  fluorescent  light  is  used.  This  made 
the  comparison  much  easier  because  both  graphs  are  clearly  shown,  one 
on  top  of  the  other.  The  map  in  Fig.  22  shows  the  transmitter  sites, 
the  routes  where  the  measurements  were  carried  out,  and  the  values  of 
the  ground  conductivity  along  the  routes. 

The  map  in  Fig.  23  gives  estimated  values  of  the  ground  conductivity 
over  a  larger  area  than  in  Fig.  22.  The  estimations  were  made  after 
considering  the  soil  map  (see  pocket  in  back  cover)  and  terrain  map,8 
and  from  the  value  of  ground  conductivity  given  in  Table  III.  The 
values  of  the  ground  conductivity  found  in  the  central  part  of  Thailand 
are  mostly  above  40  mmho/m.  In  the  northeastern  part  they  are  between 
3  and  10  mmho/m,  and  in  the  eastern  part  between  1  and  5  mmho/m. 

The  graphs  in  Appendix  C  (an  example  is  given  in  Fig.  24)  show  the 
attenuation  curves  as  measured  from  each  site  for  the  direction  shown 
on  the  map  in  Fig.  22.  The  curves  were  plotted  on  the  log  X  log  graph 
paper.  The  distance  is  plotted  along  the  horizontal  axis,  in  miles, 
from  one  to  fifty  miles.  The  vertical  axis  shows  the  relative  field 
intensity,  with  units  in  millivolts  per  meter,  which  is  the  same  as  the 
computed  Norton's  curve.  Since  only  tne  slope  of  the  curve  is  required, 
it  is  not  necessary  to  plot  the  exact  value  of  the  field  strength  in 
millivolts  per  meter.  By  using  the  relative  values  of  the  field  in¬ 
tensity,  it  is  then  possible  to  show  four  curves  on  the  same  graph  for 
both  frequencies  and  both  seasons,  which  simplifies  the  comparison  be¬ 
tween  each  season. 

B.  DIELECTRIC  CONSTANT 

The  measurement  of  the  dielectric  constant  wac  carried  out  at 
approximately  42  sites  in  the  central,  eastern,  and  northeastern  parts 
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VIENTIANE 


FIG.  22  MAP  OF  AVERAGE  GROUND  CONDUCTIVITY  ALONG  THE  MEASURED  ROUTES 
IN  CENTRAL,  EASTERN,  AND  NORTHEASTERN  THAILAND 


FIG.  23  MAP  OF  GROUND  CONDUCTIVITY  iN  CENTRAL,  EASTERN,  AND  NORTHEASTERN 
THAILAND  (units  in  mmho/m) 
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RELATIVE  FIELD  INTENSITY - mV/m 
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of  Thailand.  The  data  were  taker  during  the  dry  season,  brt  on  many 
occasions  there  were  a  few  rain  showers.  Table  IV  shows  the  value  of 
the  dielectric  constant  analyzed  fro*;i  the  measurement  value  of  the 
tilt  angle.  The  first  column  giv  s  the  name  or  location  of  the  site 
where  the  measurements  were  take".  The  second  column  gives  the  descrip 
tion  of  soil  and  terrain  and  the  third  column  gives  the  value  of  the 
tilt  angle  of  the  wave  front.  The  last  column  shows  the  value  of  th_ 
dielectric  constant.  The  two  numbers  in  the  last  column  show  that  the 
dielectric  constant  can  vary  between  these  numbers. 

The  relationship  between  the  tilt  angle,  the  dielectric  constant, 
the  ground  conductivity,  and  the  frequency  is  given  by:5 


where 

o  =  Tilt  angle 

c  =  Relative  dielectric  constant 
a  =  Ground  conductivity  in  mmho/m 
f  =  Frequency  in  MHz. 

The  relative  dielectric  constant  of  the  ground  is  the  rat .o  of  the 
dielectric  constant  of  the  ground  and  the  dielectric  constant  of  free 
space — i . e. , 

e  Ba- 

*fs 

where  eg  is  the  value  of  the  dielectric  constant  of  the  ground  and  efg 
is  (by  definition!  the  value  of  the  dielectric  constant  of  free  space. 

To  obtain  the  value  of  the  dielectric  constant  from  the  tilt  angle, 
a  series  of  curves  calculated  from  Eq.  (8)  were  plotted  as  shown  in 
Fig.  25.  Each  curve  shows  a  relationship  between  the  tilt  angle  0  and 
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Table  IV 


TILT  ANGLF  AND  DIELECTRIC  CONSTANT  IN'  CENTRAL,  EASTERN,  AND  NORTHEASTERN  THAILAND 


! 

Place 

Soil  Description 

HR :  ■ 

*  6  * 

1,  Near  Pra-Ir.  lock  off  Paholyotin 

Highway 

Dry  Rice  Field 

10.13 

20-24 

2.  Off  Friendship  Highway  108  km  fro? 

Bangkok 

Dry  and  Sandy 

13.1 

14-18 

3.  Off  Korat-Choho  Higliway  390  km  from 

Bangkok 

Dry  and  Sandy 

12.5 

18-20 

4.  Off  Korat-Pimai  Highway  7  km  from 

the  entrance  to  Choho 

Black  Soil 

9.1 

29-32 

5.  Nong  Talak 

Gray  with  water 

underneath 

8.2 

35-43 

6.  Ban  Kokejig 

Red  with  water  underneath 

10 

18-24 

7.  Khon  Kaen  Town  Hall 

Covered  with  dried  grass 

20.3 

5-7 

8.  Khon  Kaen  Nursery  of  Plants 

3.  Off  Khon  Kaen-Chum  Phae  Highway, 

Sandy,  newly-ploughed 

20 

5-7 

5  km  from  Khon  Kaen 

Dry  sandy,  newly-ploughed 

20.2 

5-7 

10.  Site  for  Khon  Kaen  University 

Flooded 

3-3.5 

11.  At  i!  tersection  to  Nam  Phong  Dan 

Damp  and  crumbly 

12.5 

16-20 

12.  3-4  km  from  Nam  Phong  Dam 

Red,  stony  rough  s  .rface 

after  rain 

9.4 

24-28 

13.  Near  Sokran  Reservoir 

Covered  with  gree.  grass 

12.5 

8-16 

14  Hard  Karo  Village 

Damp  Soil 

7.5-8 

42-48 

15.  Near  Nong  Song  Hong  Reservoir 

Sandy-damp 

9-10 

20-37 

16.  Ban  Pol  Sa,  Tha  Bo  District 

Sandy  dry  surface  water 

underneath 

9.3 

28-32 

17.  Wat  Pra  Tat  School 

Dry,  crumbly 

12.7-13.5 

16-18 

18.  Nong  Khai  Airfield 

Dry 

13.8 

14-16 

19.  Nong  Khai  Airfield 

Damp 

9.9-10.3 

18-24 

20.  Off  Udorn-Nong  Khai  Highway 

Red  stony  few  days  after 

rain 

11.3 

20-24 

21.  Sri  Huang  Field  Udorn 

Sandy,  crumbly 

14.1-15.4 

14-16 

22.  Paddy  Field  Near  Udorn 

Crumbly,  salty  with  water 

underneath 

4-4.5 

23.  Chelgn  Pheng 

24.  Close  to  Swang-daendln  District 

C  "umbly 

12.1 

20-22 

Office 

Sandy,  hilly 

13.4 

.6-18 

25.  Off  Udorn-Sakon  Nakhon  Highway 

Dry  black 

16.2 

6-11 

26.  Donkuang  Village 

27.  Off  Udorn-Sakon  Nakhon  Highway,  121 

Paddy  field,  crumbly 

12.1-13.6 

13-18 

km  from  Udorn 

Hilly,  sandy 

19.5 

5-8 

28.  Near  Nong  Han 

— 

7. 5-9. 4 

42-48 

29.  Near  Nong  Han 

30.  Sakon  Nakhon  Animals  Breeding 

13-16.5 

5-14 

Station 

Sandy,  big  tree 

12.8 

16-19 

31.  Sakon  Nakhon  Airport 

32.  Off  Sakon  Nakhon-Ka.lasin  Highway, 

Red,  sandy 

17.6-19 

7-9 

22  km  from  Sakon  Nakhon 

Rough  laterite 

13.5 

15-17 

33 .  Ban  Don  Soong 

After  rain  crumbly 

15.7 

9-13 

34.  Nong  7 eng  Village 

Sandy  soil 

16.2-16.9 

10-12 

35.  Near  Nong  Saeng  Village 

36.  Off  Yasothou-Roi  Et  Highway  126  km 

Sandy,  dry  dusty 

13.4 

17-19 

from  Yasothon 

Paddy  field,  sandy  soil 

15.3-18 

7-12 

37.  Between  Yasothon-Roi  Et 

38.  Off  Roi  Et-Suwannaphum  Hig  way,  6 

Sandy  Soil 

17.5 

8-10 

km  from  Roi  Et 

Paddy  field,  dry 

19 

4-8 

39.  85  km  from  Roi  Et  to  Maha  Sarakham 

Paddy  field  after  rain 

10.5 

18-26 

40.  Kanglirgchan  Reservoir 

Big  swamp,  trees  and 

short  stumps 

9.8 

25-31 

41.  Off  Sarakham-Ban  Phai  Highway,  55 

km  i *  em  Sarakham 

Black,  crumbly,  sandy 

13.5-14.8 

14-19 

42.  Off  Sarakham-Ban  Phai  Highway,  17 

km  from  Sarakham 

Hilly,  Sandy 

22 

4-6 
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FIG.  25  THF  RELATIONSHIP  BETWEEN  TILT  ANGLE  0  AND  THE  DIELECTRIC  CONSTANT 
FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY 


the  relative  dielectric  constant  e  for  each  value  of  the  ground  con¬ 
ductivity.  The  values  of  the  ground  conductivity  are  1,  3,  4,  5,  6,  7, 
8,  9,  10,  12,  15,  20,  25,  30,  and  40  irnnho/m.  The  frequency  used  m  all 
calculations  is  27  MHz.  The  value  of  c  is  determined  from  these  curves. 
For  each  site,  the  value  of  the  ground  conductivity  was  estimated  from 
the  type  of  soil  and  the  measured  value  from  the  field-intensity  method. 
Then  these  values  are  used  together  with  the  tilt  angle  to  obtain  the 
value  of  the  die.ectric  constant  from  the  curve.  Two  values  of  the 
dielectric  constant  are  given,  showing  the  range  in  which  the  v  lues 
of  the  dielectric  constant  of  that  site  can  vary  (i.e.,  giving  the 
maximum  and  the  minimum  value). 

The  map  in  Fig.  26  shows  the  values  of  the  relative  dielectric 
constant  on  the  map  of  eastern  and  northeastern  Thailand. 
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FIG.  26  MAP  OF  DIELECTRIC  CONSTANTS  IN  EASTERN  AND  NORTHEASTERN  THAILAND 
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V  DISCUSSION  OF  RESULTS 


PRECtliiivj 

PAGE  BLANK 


The  major  findings  of  this  project  can  be  divided  into  two  cate¬ 
gories:  the  evaluation  of  tne  effectiveness  of  the  methods  and  equip¬ 
ment  used  for  measuring  the  ground  constants,  and  the  values  of  the 
ground  constants  obtained  by  analysis  of  the  data.  These  results  will 
bu  discussed  separately,  the  effectiveness  of  methodology  and  tech¬ 
niques  being  dealt  with  first. 

The  field-intensity  method  is  a  very  straightforward  means  of  ob¬ 
taining  the  values  of  ground  conductivity  and  can  give  exce  lent  re¬ 
sults  when  the  terrain  is  flat  and  free  of  vegetatir  as  in  central 
Thailand.  Tne  measured  f lex J-intensity  curve  is  almost  identical  with 
the  calculated  curve,  except  that  there  are  some  points  on  the  measured 
curve  where  the  value  of  field  intensity  bears  no  relationship  with  the 
overall  curve.  This  may  be  due  to  various  factors  that  were  overlooked, 
such  as  the  change  in  the  power  of  the  trai.<  xtter  (due  to  unknowi 
causes)  when  that  particular  point  was  measured,  or  the  misuse  of  the 
field-intensity  meter  at  that  point.  This  problem  can  easily  be  solved 
by  using  a  paper-chart  recorder,  recording  the  field  intensity  at  a 
fixed  distance  from  the  transmitter  when  the  m  asurement  is  taking 
place.  Any  variation  in  transmitting  power  will  show  on  the  paper 
chart  and  can  be  used  to  correct  the  data.  The  f ield-intensity-vs . - 
distance  curve  should  be  plotted  immediately  after  the  measurement  is 
completed.  The  point  that  bears  no  relation  to  the  rest  of  the  curve 
can  be  remeasured,  and  if  the  value  remains  the  same,  measurement  may 
be  repeated  at  several  locations  close  to  that  poin+.  The  uncorrelated 
value  may  be  due  to  local  terrain  which  does  not  represent  the  overall 
ground  conductivity.  In  many  cases  local  man-made  noise  increases  the 
field  Intensity,  and  in  such  cases  a  non-transmitting  interval  should 
be  incorporated  in  the  switching  circuit  of  the  transmitter  to  permit 
the  local  noise  to  be  measured.  This  will  enable  the  data  to  be 
corrected  prior  to  the  processing. 
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In  general,  the  exact  values  are  not  required  for  the  application 
of  the  ground  conductivity  and  in  most  cases  the  ground  conductivity  of 
the  soil  changes  from  place  co  place  and  cannot  be  expected  to  remain 
the  same  over  a  large  ar- Therefore  the  measured-!' ield-intensity 
curve  will  never  be  identic il  with  the  computed  one  and  cannot  result 
in  a  single  value  of  ground  conductivity.  Thus  it  is  more  practical  to 
show  the  range  of  variation  of  the  ground  constant  over  that  particular 
area — i.e.,  the  maximum  and  the  minimum  values. 

The  equipment  for  measuring  the  tilt  angle  of  the  vertical  propa¬ 
gated  wave  was  designed  and  constructed  at  the  MRCC  Electronic  Laboratory 
and  many  modifications  were  made  to  simplify  its  operation.  The  final 
result  was  a  very  simple  piece  of  equipment,  highly  accurate  and  easy 
to  handle.  Tiie  equipment  is  capable  of  measuring  the  dielectric  con¬ 
stant  locally  with  very  accurate  results  if  the  ground  conductivity  in 
the  vicinity  of  the  measurement  is  known,  and  even  if  the  value  of  the 
ground  conductivity  is  unknown,  results  will  be  reasonably  accurate. 

An  improvem:  nt  was  made  in  the  method  of  analyzing  the  data  for 
the  wave  tilt.  Previous  authors  normally  approximated 


2 

tan  8  *5 

by 


2  1 
tan  0  ea  — 
e 

2 

They  assumed  that  the  term  (ISa/f)  is  very  much  smaller  than  the  term 
2 

e  ,  and  therefore  can  be  neglected.  However,  this  assumption  is  only 
valid  if  the  value  of  the  ground  conductivity  is  very  small  or  the  fre¬ 
quency  relatively  very  large.  If  the  ground  conductivity  is  larger, 

2 

even  when  the  frequency  is  high,  the  term  (18o/f)  is  still  not  small 

2  2 

compared  with  the  term  e  .  Consider  the  relationship  tan  8  =  1/e  cr 


56 


tan  0  =  l//«.  At  0  =  14°  the  simple  approximation  will  give  a  dielectric 
constant  of  16,  bu.  if  the  value  of  a  is  equal  to  15  nunnoAii,  then  a«.  14° 
the  dielectric  constant  is  9.  In  Thailand  the  ground  conductivity  is 
rather  high,  especially  around  the  central  part,  and  therefore  using  the 
approximation  tan  6  =  1//*"  may  lead  to  an  error  as  high  as  100  percent. 

The  use  of  the  value  of  the  ground  conductivity  in  obtaining  the 
value  of  the  dielectric  constant  from  Eq.  (8)  helps  to  minimize  the 
error.  This  method  is  essential  when  the  ground  conductivity  is  larger 
than  10  mmho/m,  for  otherwise  it  will  result  in  greater  error  than 
expected. 

The  wave-tilt  method  appears  to  give  reasonably  good  results.  The 
equipment  is  easily  constructed  and  the  method  of  analyzing  the  data  is 
simple.  The  limitation  of  this  method  in  Thailand  is  that  it  cannot  be 
used  at  low  frequencies  because  of  the  interference  from  crowded  broad¬ 
casting  stations,  and  therefore  it  cannot  '.;e  used  for  measuring  ground 
conductivity.  At  the  frequency  used,  the  tilt  angle  seems  to  be  very 
sensitive  to  the  moisture  on  the  surface  of  the  ground  and  it  gives  a 
very  small  tilt  angle  when  the  grass  is  slightly  wet — for  instance  in 
the  morning  when  there  is  dew.  This  is  because  the  tilt  angle  is  caused 
mainly  by  the  electric  component  in  the  vicinity  of  the  earth's  surface. 

The  measurements  of  ground  conductivity  obtained  from  central 
Thailand  are  high — in  many  cases  over  40  mmho/m.  This  is  to  be  expected 
since  the  land  was  originally  sea  and  was  filled  up  by  mud,  which  later 
dried  out.  At  present  its  height  is  about  the  same  as  sea  level.  In 
the  rainy  season  the  water  level  rises  about  one  foot  above  the  ground, 
and  in  the  dry  season  it  dries  up,  making  the  water  level  at  this  time 
very  close  to  the  surface  ox  the  eartl ,  The  values  of  the  ground  con¬ 
ductivity  measured  L 'tween  these  two  seasons  are  very  close  together, 
because  when  the  surface  of  the  ground  has  dried  out,  the  current  of 
the  propagated  wave  penetrates  deeper  into  the  wetter  part.  The  soil 
is  homogeneous  for  several  meters  in  depth  as  is  usual  with  land  re¬ 
claimed  from  the  ocean. 
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In  the  we.1  tern  part  of  Thailand  the  ground  can  also  be  classified 
ks  good  ground,  but  not  as  good  as  tho.t  in  the  central  part.  This  is 
because  there  are  several  mountain  ranges  in  the  western  area,  making 
the  ground  much  higher  than  sea  level . 

In  eastern  and  northeastern  Thailand,  the  ground  is  classified  as 
fine  sandy  loam  and  in  some  parts  the  flat  grassy  plains  are  unable  to 
retain  water.  The  values  of  the  ground  conductivity  obtained  from  these 
parts  are  low,  especially  in  the  east.  The  northeastern  and  eastern 
parts  are  full  of  mountain  ranges  a. id  high  hills  that  cause  the  field- 
intensity  to  fluctuate,  thus  preventing  reasonably  smooth  field-intensity 
curves  from  being  obtained.  These  curves  cannot  compare  with  Norton's 
curve  in  giving  the  value  of  the  ground  conductivity,  for  in  such  cases 
only  the  portion  of  the  curve  that  is  relatively  smooth  can  be  used  in 
the  analysis  of  the  results. 

At  first,  it  was  thought  that  the  free-space  field  2Eo  would  be  an 
important  factor  in  analyzing  the  value  of  the  ground  conductivity. 
However,  when  the  curve-matching  process  was  bein^  carried  out  it  was 
realized  that  the  free-space  field  can  be  determined  by  the  overall 
slope  of  the  curve  of  the  measured  field  intensity,  and  therefore  it 
is  not  so  important  to  have  prior  knowledge  of  the  value  of  the  free- 
space  field.  However,  it  is  an  advantage  if  it  can  be  accurately 
measured. 

* 

In  obtaining  the  transmission  path  loss,  the  free-space  field  be¬ 
comes  an  important  factor,  as  it  can  contribute  a  large  error  to  the 
calculation  when  it  deviates  slightly  from  its  true  value. 

The  path  loss  plotted  from  the  measured  field  intensity  shows  that 
the  curves  for  both  frequencies  have  generally  the  same  characteristics 
rising  and  falling  at  the  same  points  However,  in  some  cases  varia¬ 
tions  occur  that  may  be  due  to  measurement  error,  to  changes  in  the 
transmitting  power,  or  to  a  high  noise  level  at  one  of  the  frequencies. 

* 

The  basic  transmission  loss  data  for  820  and  1455  kHz  are  presented 
in  Appendix  B. 
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The  value  of  the  dielectric  constant  measured  by  the  wave-tilt 
method  is  a  spot  measurement.  The  sites  were  chosen  so  that  the  soil 
at  each  site  is  representative  of  the  ground  in  that  area.  The  result 
shows  that  the  average  value  of  the  dielectric  constant  in  central , 
northeastern,  and  eastern  Thailand  verier  between  10  and  30.  There¬ 
fore  the  dielectric  constant  will  not  be  ar.  important  factor  dominating 
the  service  area  of  the  broadcast  .at ions,  except  in  certain  places  in 
the  east  where  the  ground  conductivity  has  a  very  low  value. 

it  is  recommended  that  the  values  of  the  ground  constant  obtained 
by  both  methods  over  these  parts  of  Thailand  be  compared  with  those  ob¬ 
tained  by  other  methods,  such  as  the  two-wire-transmission  line7  for 
the  same  frequencies  and  location.  The  measurements  should  be  extended 
to  cover  the  north  and  the  south  of  Thailand.  Since  northern  Thailand 
is  very  mountainous,  the  field-intensity  method  may  fail  to  give  satis¬ 
factory  results.  It  may  therefore  be  necessary  to  employ  other  methods 
Involving  on  the  spot  measurement  of  soil  samples  at  several  points  over 
a  wide  area.  In  this  case  a  number  of  measurements  would  be  necessary 
to  obtain  the  average  value  of  the  ground  conduce  ity. 
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Appendix  A 


CALCULATED  GROUND-WAVE  FIELD  INTENSITY  VS.  DISTANCE, 
FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY 
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Appendix  A 


CALCULATED  GROUND-WAVE  FIELD  INTENSITY  VS.  DISTANCE, 
FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY 


The  .Norton's  curves  shown  in  Figs.  A-l  throug  A-12  were  computed 
from  the  following  equation:7 

2Ec  \ 

E.  =  — ; —  millivolt  per  meter 
d  d 


where 

Ed  =  Field  intensity  of  ground  wave  at  distance  d  miles  in 
millivolts  per  meter 

d  =  Jistance  in  miles  from  the  transmitting  antenna 

Eo  =  Free-’pace  field  at  one  mile  from  the  transmitting 
ante>'  <a  in  free  space  with  the  same  antenna  currents 
as  are  actually  present  when  the  antenna  is  instead 
near  the  earth 

A  =  Attenuation  factor 

p  =  The  numerical  distance. 

The  attenuation  factor  "A"  was  obtained  from  Fig.  3  in  the  main 
text,  for  the  corresponding  value  of  p,  d,  b,  C,  and  a,  where 

n  d  . 

p  — - cos  b 


b  2= 


tan 


-1 


(«  ±  1) 

x 


18  X  g 
f 


f  =  Frequency  in  MHz 
o  =  Ground  conductivity  in  mmho/rs 
e  =  Relative  dielectric  constant 
X  =  Wavelength  in  miles. 
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FIG.  A-4  CALCULATED  GROUND-WAVE  FIELD  INTENSITIES  ys.  DISTANCE, 
FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY  — 
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FIG.  A-7  CALCULATED  GROUND-WAVE  FIELD  INTENSITIES  vs.  DISTANCE, 

FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY  — 
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FIG.  A-9  CALCULATED  GROUND-WAVE  FIELD  INTENSITIES  vs.  DISTANCE, 
FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY  — 

1455  kHz,  -  30 


72 


INTENSITY  -  mV /m 


RELATIVE  FIELD  INTENSITY  -  mV/m 


FIG.  A— 12  CALCULATED  GROUND-WAVE  FIELD  INTENSITIES  vs.  DISTANCE, 
FOR  VARIOUS  VALUES  OF  GROUND  CONDUCTIVITY  — 

145:  kHz,  =  60 
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Appendix  B 

BASIC-TRANSMISSION-LOSS  MEASUREMENTS 
AT  820  AND  1455  kHz 

1 .  General 

Figures  B-l  through  B-28  show  the  basic  transmission  loss  Lb  along 

each  direction  from  the  transmitter  sites  computed  from  the  measured 

values.  The  basic  transmission  loss  L.  is  the  transmission  loss  between 

b 

the  isotropic  transmitting  and  receiving  antenna  or  the  sum  of  the 
measured  transmission  loss  L  and  the  path  antenna  gain  G^  of  the  actual 
transmitting  and  receiving  antenna: 


L.  =  L  +  G  (B-l) 

b  p 


where 


L.  =  Basic  transmission  loss  in  decibels 
b 

0  L  =  Measured  transmission  loss  in  decibels 


G  =  Path  a  itenna  gain 
P 

P 

L  =  10  log1()  ^  (B-2) 

a 


and 


G  =  G.  +  G  (B-3) 

p  t  r 

i 

i 

p  =  Power  radiated  from  a  transmitting  antenna  in  watts 
r 

P  =  Power  available  from  the  rec.-iving  antenna  in  watts 
a 

G  =  Free-space  gain  over  an  isotropic  radiator  of  the 
transmitting  antenna,  in  decibels 


G  =  Free-space  gain  over  an  isotropic  radiator  of  the  re- 

r 

ceiving  antenna,  in  decibels. 
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FIG  B-3  BASIC-TRANSMISSION- LOSS  MEASUREMENTS  —  BANG  PA  IN 
TO  BAN  HIN  KONG  AND  NAKHON  RATCHASIMA 
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FIG.  B_.'>  BASIC-TRANSMISSION -LOSS  MEASUREMENTS  —  BAN  PONG 
TO  PETCHABURI 
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FIG.  B-6  bASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  BAN  PONG 
TO  BANGKOK 
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FIG.  B  — 10  BASIC  “TRANSMISSION -LOSS  MEASUREMENTS  —  NAKHON  RATCHASIMA 
TO  KHON  KAEN 
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FIG.  B  — 11  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  NAKHON  RATCHASIMA 
TO  BAN  NONG  RUNG  AND  BAN  WANG  Ml 
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FIG.  B  —  1 2  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  UDON  TO  SAKHON 
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FIG.  B-13  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  UDON  TO  NONG  KHAI 
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FIG.  3-14  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  UDON  TO  KHON  KAEN 


I  2  4  6  B  10  20  40  60  80  100 

RAOIAL  DISTANCE,  d  -  milt*  o*-4j«o-Z5« 

FIG.  B  — 16  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  SAKHON  TO  UDON 
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FIG.  B-17  BASIC-TRANSMISSION -LOSS  MEASUREMENTS  —  SAKHON 
TO  NAKHON  PHANOM 


I  2  4  6  8  0  3)  40 

RADIAL  DISTANCE,  o  -  milt* 


60  80  ©0 
M- 4*40-299)) 


F  i;.  B— 19  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  SAKHON  TO  KALASIN 
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FIG.  B-20  BASIC-TRANSMISSION -LOSS  MEASUREMENTS  —  ROI  ET 
TO  SUWANNAPHUM  AND  SURIN 
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FIG.  B— 21  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  ROI  ET 
TO  CHATURAPHAK  PHiMAN  AND  KASET  WISAI 
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BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  ROI  ET 
TO  YASOTHON  AND  PHAHOM  PHRAI 
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FIG,  B-: 


BASIC-TRANSMISSION-LOSS  MEASUREMENTS 
TO  PHI  BUN  MANGSAHAN 


UBON 


2  4  6  8  0  20  40  60  80  00 

RAOIAL  DISTANCE,  d  — — —  milat  d»-«i«o-2mh 

FIG.  0-26  BASIC-TRANSMISSION -LOSS  MEASUREMENTS  —  UBON 
TO  AMNAT  CHAROEN 
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Fin  B  -27  BASIC-TRANSMISSION-LOSS  MEASUREMENTS  —  UBON 
TO  YASOTHON  AND  ROI  ET 
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The  power  radiated  from 
determined  for  the  case  of 
following  relation: 


a  transmitting  antenna  in  free  space  may  be 
interest  (i.e.,  along  the  ground)  from  the 


P 

r 


4TT(1609)2(2Eo  X  1Q~6)2 
t  O 


(B-4) 


where 


Eo  =  Free-space  field  in  microvolts  per  meter  at  1  mile  from 
transmitting  antenna 

T)  =  Impedance  of  free  space 

g^  =  Gain  of  the  transmitting  antenna  above  an  isotropic 
antenna. 


The  power  P  available  fr<-n  a  receiving  antenna  in  free  space  is  given 
a 

by: 


P 

a 


e2X2gr  X  10 
4^“ 


-12 


(B-5  ) 


where 

e  =  J leld  strength  at  the  receiver  in  microvolts  per  meter 
g^  =  Gain  of  the  receiving  antenna  above  an  isotrope 
X  =  Free-space  wavelength  in  meters. 

Then,  substituting  for  the  above, 

L.  =  36.57  +  20  log  f  +  20  log  2Eo  -  20  log  e  (B-6) 


where 

F._.  =  frequency  in  MHz. 

MHz 

2.  Evaluation  of  Free-Space  Field 

The  free-space  field  2Eo  produced  at  a  distance  of  one  mile  from 
the  transmitting  antenna  is  one  of  the  factors  used  in  calculating  the 
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basic  transmission  loss.  To  obtain  an  estimate  of  the  free-space  field, 
the  actual  field  intensity  at  400  meters  *md  one  mile  at  various  points 
was  measured  instead.  These  measurements  were  carried  out  as  accurately 
as  possible.  The  free-space  field  was  then  calculated  from  these  re¬ 
sults  and  the  results  from  the  other  field-intensity  measurements  at 
sites  from  1  to  50  miles  from  the  transmitter, 

3 .  Calculation  of  Free-Space  Field 

The  field  strength  £  at  the  distance  d  from  the  antenna  is  given 
as 


£  =  mV/m  (B-7) 

d 

where  A  is  an  attenuation  factor  and  2£o  is  the  free-space  field  at  a 
distance  of  one  mile  from  the  transmitting  antenna  [see  Eq.  (1),  Sec. 
III-C], 

Using  the  value  of  the  ground  constant  determined  by  field- 
attenuation  measurement  and  wave-tilt  method,  E  can  be  calculated.  Let 
Ec  denote  the  calculated  value  of  the  field  intensity  at  the  distance 
"d"  miles  and  give  the  free-space  field  2Eo  equal  to  100  mV/m.  Then, 

E  -  ■— —  mV/m  .  (B-8) 

c  d 


Assuming  that  the  measured  field  intensity  E^  will  obey  £q.  (B-7), 

then 


£ 

m 


2EomA 

d 


mV/m 


(B-9) 


where  2Eom  is  the  free-space  field  for  the  actual  transmitting  power 

when  £  was  measured.  Along  the  same  direction  from  the  transmitting 
m 

antenna,  the  attenuation,  A,  at  the  same  distance,  d,  for  both  calcu¬ 
lated  and  measured  values  must  be  the  same.  Then,  from  Eq.  (B-9)  it 
is  easily  seen  that 
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(B-10) 


2Eom 


rteasureu  field  intensity  „ 

- i —  x  100  mV/m 

calculated  field  intensity 


Tiie  value  of  2Eom  was  calculated  at  all  points  in  each  direction  and 
the  required  free-space  field  for  Cach  site  is  obtained  from  the  "»ean 
vaj,ue  of  the  2Eom. 
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Appendix  C 


* 

measured  relative  field  intensity  vs.  radial  distance 


*See  Fig.  23  for  site  locations. 
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RELATIVE  FiELD  INTENSITY - mV/m 


FIG.  C-1  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  - 
BANG  PA  IN  TO  BAN  HIN  KONG  AND  PRACHINBURI 
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RELATIVE  FIELD  INTENSITY  —  mV/m 


FIG.  C-2  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
BANG  PA  IN  TO  SARABURI  AND  LOPBURI 
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FIG.  C-3  MEASUkED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
BANG  PA  IN  TO  BAN  HIN  KONG  AND  NAKHON  RATCHASIMA 
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FIG.  C-6  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
BAN  PONG  TO  BANGKOK 
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FIG.  C-7  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 

BAN  PONG  TO  PETCHABURI 
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FIG.  C-8  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
NAKHON  RATCHASIMA  TO  SARABURI 
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RELATIVE  FIELD  INTENSITY  —  mV/m 


FIG.  C-?  MEASURED  RELATIVE  rIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
NAKHON  RATCHASIMA  TO  CHAIYAPHUM 
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FIG.  C-14  MEASURED  RELATIVE  FIELD  INTENSITY  v».  RADIAL  DISTANCE  — 
UDON  TO  KHON  KAEN 
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FIG.  C-15  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
UDON  TO  NONG  BUA  LAM  PHUI 
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FIG.  C-16  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 

SAKHON  TO  UDON 


MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADiAL  DISTANCE  — 
ROI  ET  TO  SUWANNAPH'JM  AND  SURIN 


FIG.  C— 21  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
RO!  ET  TO  CHATURAPHAK  PHIMAN  AND  KASET  WISAt 
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FIG.  C-22  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
ROI  ET  TO  MAHA  SARAKHAM  AND  BAN  PHAI 
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RELATIVE  FIELD  INTENSITY  mv/t 


FIG.  C-23  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
ROI  ET  TO  YASOTHON  AND  UBON 
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FIG.  C-24  MEASURED  RELATIVE  FIELD  INTENSITY  vs.  RADIAL  DISTANCE  — 
ROI  ET  TO  YASOTHON  AND  PHAHOM  PHRAI 
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SOIL  ASSOCIATIONS 


Th'i  i  ar>  oKrmjii  to  aur^b'e  d«d'Jb>  Jot a  and  to  fi(>moir  thf  ccnd'fC/ni  in  fh<ne  port*  of  the 
<  ncdon  which  fjo»e  not  been  tivied  Genera»'/oron*  from  fttrocoo*  iO!  t'to'cgiroi.  and  boion.ca-  dato  ho<rt 

been  cvtmt>ttd  Thf  e»*t>rt  air  doubt'f  tf  m<jnt  and  tr  Dut  My</ 1  mNiff  f.e‘c  work  if  needed. 

flo'i,4im  .  6o'V«ifcfn  Onnmr'n  Sddudfc  •  Pta  tujnan^  •  M  npjr  •  Sam  Aycn  nmJr  ,0W  hum>r  gltfi  with 
Orof  in  nn;  wtu  de*r  oped  c»d/i  fewer  oil*  Kite  ^’uitt  Vei’etob'es  on  nd;ed  bedf 

P>ma  clo r  Ij*»  hum-C  f'e  A'Ce 

On jjh o^ck  •  Aongfid  •  Lcld  lom  Koeo  •  Nong  S d'd  Cot  {tor:  tow  hymic  f'fi  So’tf  *frr  Odd  fl/tfn  timfj 

ojcnc-ated  .  >th  alummur'  to»« c>tr  Aice  *ffetnb'r»  o'*  r*dtffd  bed* 

To  Chm  ■  Ktoeng  So/omhofc*  and  gf^t  hyd'ornot  ph(  *oiJi  Codfto-  so  n*  joi'i  me  i£'j*e  iwompt  and  gran 
land * 

*C3rt>pae->|ioen  •  Nakom  Pathym  •„  'Cr  podfo'n  ond  to»*  (tum.c  g<e-  Mtd-um  tt*tu<td  to*/ s  With  jtfipi  of 
heome'  dO'Wr  *<>■»*  Uplond  crop*  f»«it  ( f w* .  *>ce  and  vegetobin 

Chtengma  •  To  My<j«tf  .  Aotbm  Ap'.e«t  al/unct  tod(  o«id  iom»  tf'ocet  Upland  ('opt.  fru-t  tree*  rue  ft 


_  Yom  ■  Sarabur:  Alluvial.  low  hum<c  ftf'  t  ydtomorph,(  and  btawn  podtalc.  flat  tandt.  natural  ‘t re e », *w<jmp* 
between  the  *y*n  and  Nan  r-rfr;  oi  wf11  at  t*i?  ‘and:  m  (hf  ,pt  ceni'Ql  pla>n  Upland  (tab »,  ti(t.  fruit  l»eei 

—  Bang  Kla  -  A}i  £f  •  ftonfiofc  low  hyrtv<  git!  A'Cf,  ft  waff  tffft. 


_  Lopbun  •  fitjngkolr  •  Airnai  Ae..d/»n«j  low  hymic  gift.  Aice,  upland  (topi,  fru> t  t'fti. 


Bangkok  ■  Ban,;«h*n  Damr*rn  Saduok  .  Pro  konong 
prof ’fat  not  we  developed  clOyt  generally.  Rrce.fruiti 

P.moi  dor  Low  fcgm/c  g!e>  Rite 

Qngko'ek  -  Rangtid  •  Lad  turn  Koto  *  Nang  Scf a  Cot ; 
associated  witH  alym:nwm  tC*iC>tr.  fliCe.  fruits.  *ef#( 


To  Chm  .  Kiaeng  So/ono  jk  t  on-j  groy  hvdromorphtc 

!ondi 


Kamboengtoen  •  Nokorn  PotHam  Cray  pndt ohc  and  fa i 

heavier  darker  *orU  Upland  ciaps  fruit  trees  rice  and  | 

1 

Ouengmo-  ■  fa  M uang  .  Pottsur  flererit  alluvial  *o<  i  cub 


Tom  -  ^orabari  Alluvia',  low  humic  gfai.  hydromorphi xA 
between  the  Tom  and  Nan  r-veri  0 1  well  O'  |Hf  -'ands 


Bong  Kia  •  An  It  ■  Bangkok  Low  humu  giei  Rice,  /#■ 


Lopburi  •  Bangkok  •  Ptmai  Rendt>na.  low  Hum* c  gfai.  W 

Choibodan  ■  Buriram  clayl  dark  brawn,  s hallow,  concreg 

Chantoburt  dayt  Latatal  Red  friable,  deep,  from  ignem 

Krob'i  .  Ponpua-  Cray,  reddnh  brown  podlo"C  'oteri® 
Upland  crept.  | rttt.  grassland 


Karat  -  Nampong  .  Yotothon  C'Oy.  yellow,  red  PodtoliC. 


Ptmai  •  Ret  ft  •  U6on  Low  Humic  fiei  Low  flat  land*, 
nee  sucf  a>  tagamet  cucurb  it  tobacco  etc 

Cuioronghoi  •  Aoi  L r  •  Ubor  .  P.moi  Regoto't  and  low 
tailed  far  crop  production  unlett  water  n  controlled  and 


Patton i  ■  Royong  -  Klaeng  Law  Humic  gfat.  regatoi s.  ond 
alternating  with  »(  %  of  tpw  cfay  rice  soils  and  brae  kith 

Limettane  butte* ;  Aend/mot.  terra  rata,  and  lotatoh  m  ft 


Kunton  .  $ritamarot  ■  Nampang  ■  Kara t  Crap,  yellow,  rf | 
or  undulating  medium  depc‘i  sandy  oams  fwfit.  upland 

S'ltamarot  *  Korol  Cary,  yellow  and  red  yellow  podtolig 


PokcHong  .  Karat  ■  Prabat  Redduh  yel'ow  gray  brown,  l< 
conglomerates.  limestones.  forest,  upland  crops,  fruit  tri 


Qwarl/ilic  and  siliceous  sandstone  HiHs.  Cray  brown  podtf 
forest  ond  upland  crops.  I 


Rough  mountainous  land  from  undifferentiated  rocks. 
sHa/low  steep,  and  ttony.  fore  it  and  few  upland  craps 
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Bcnghch  *  So'itfkhen.  Oflmnrn  Saduak  -  Pra  honon^  *  Mmbu>~  •  So»«  Ruon  mostly  Ipw  humic  fhn  wi(h 
profits  not  « veil  developed,  c leys  generally.  Rice-  fruits.  Vegetables  on  noted  beds. 


_  Pimai  c lOy  Ion*  humic  flpi.  Rice 


Ongkorak  ■  Rangsid  .  Lad  Lur>>  Koeo  -  Nong  Sofa  Cal  clay*.  >Ow  hgmic  gfei.  Soils  very  acid  often  times 
associated  with  aluminum  toaiatp-  R>ce.  fruits,  vegetables  on  n deed  beds 

To  Chin  *  Klceng  $o;o«chohs  ond  gray  hvdromorphic  soils.  Coostoi  saline  toils  mangrove  swamps  ond  grots 


Q.J- 


K  c/ As  pa  e  ngtaen  -  nakorn  Pothom  Croy  podsohc  and  low  humic  g/e»  Med'om  featured  soils  With  stnpi  of 
heavier  darker  soils  Up/and  crops.  fruit  trees.  '<ce  and  vegetables 

Chin  k  T  Muong  *  Aotbun  Rerent  alluvial  soils  and  some  terraces  Upland  crops.  f*oit  trees,  rice,  etc 


Tom  .  So'obon  At/gnof.  low  hgmic  glei.  h»dr0niOf phi’c,  and  brown  podsohc.  flat  lands,  natural  levees. stamps 
between  the  Tom  and  Non  n»ers  os  well  as  |h?  fonds  m  the  upper  centra!  pla<n.  Upload  crops,  r ice.  fruit  t'ees 


_  danj?  K/o  -  Am  it  Bangkok  low  hgmic  glei  Rue,  fruit  trees. 


2  I  —  topbgn  •  Bangkok  •  Pmtai  Rend l mo  low  hgmic  glei  Rce,  upland  crops,  fruit  trees. 


_  Chaibadon  -  Buriram  clays  dark  brown,  shallow,  concretionary  from  igneous  racks.  Upland  crops,  fru it  trees,  r, ce. 
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«_  Chanta^uri  clays  latasol.  Red  friable,  deep,  from  ignrous  rocks 


_  Krabm  •  Ponpisot  Cray,  reddish  brown  podsohc  loter.tic  Sho’l-w  with  abundant  ferruginous  concretions 

Upland  crops,  trees,  grassland 

_  Korot  -  Nomponjf  *  Tasothon  Cray.  »ei/t>w,  red  podsohc.  Upland  crops,  forest,  grassland,  fruit  trees. 


«. ,  Prmai  -  Rot  it  *  Ubon  •  Law  hunne  gie i.  la**  f'ot  lands,  from  clots  to  tondy  foams'  R»ce.  upland  craps  a'er 
rice  such  a,  legumes,  cucurbits,  tobacco,  etc 

_  Cuiaronghoi  -  Roi  £;  •  Ubon  •  f\mji  Arioso's  ond  low  hgm  c  jj/epr s  flat  grassy  plains.  flood  hazard  Not 
suited  for  crop  production  unless  voter  is  controlled  and  or  fertilizers  applied.  A'C*. 

_  Pattern  •  Rayong  .  Kloeng  low  hgmic  glei.  regasjls.  and  hydromorphic  toils  Coastal  soils,  sandy  ridges 
alternating  with  strips  of  low  clay  rice  lewis  and  brackish  n.po  swamps. 

_  limestone  6jtt#i  Rendanos.  terra  'osa.  and  intosols  m  between  forest,  rubber,  frgit  trees,  upland  crops. 
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K  untan  •  Sritomorot  •  Nampong  •  Korot  Cray.  yellow,  reddish  brown  end  yellow  podsohc.  Steep  and  shallow 
or  undulating  medium  depth  sandy  loam s.  forest,  upland  crops. 

Sritama'Ot  •  Korot  Gary,  yellow  and  red  yellow  podsohc  forest,  fru  it  trees,  upland  crops. 


Pakchang  -  Korat  -  Prabof  Rrdd< sh  yehow.  gray  brown,  terra  rasa.  .*ams  and  clays  from  shales,  slates, 
conglomerate limestones,  forest,  gpfand  crops,  fruit  trees. 

Quartzitic  and  siliceous  sandstone  hills.  Cray  brown  podsohc.  Sods  u  uaily  shallow  and  m  same  places,  stony 
forest  and  gpland  crops. 

Rough  moo  .famous  land  from  undifferentiated  rocks.  Gray  brawn,  red  podsolics  and  lithosofs.Soils  uluOlly 
shallow  steep,  ond  stonjr.  forest  ond  few  upland  crops 
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IS.  abstract 


In  this  report  jwo  methods  suitable  for  measuring  electrical  ground  constants  in 
Thailand  are  described.  The  ground  conductivity  was  measured  at  the  broadcast 
frequencies  of  820  kHz  and  1455  kHz  using  the  field-attenuation  method.  The 
ground  dielectric  constant  was  measured  by  the  wave-tilt  method  at  the  high  fre¬ 
quency  of  27  MHz.  Details  are  given  for  constructing  the  necessary  equipment, 
and  procedures  for  the  collection  and  analysis  of  the  data  are  outlined.  The 
ground  conductivity  and  ground  dielectric  constants  in  central,  eastern,  and 
northeastern  Thailand  were  measured.  The  report  also  contains  recommendations 
for  improvements  in  equipment  and  measurement  procedures. 


DD  ,"".1473 

S/N  0l0t.S07.6a01 


(PAGE  I  ) 


UNCLASSIFIED 
Security  Classification 


DD  ,'.r..1473  (  back  i 

(PAGF  2) 


UNCLASSIFIED 
Security  Clasiification 


